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METHOD AND SYSTEM FOR
TRANS-LAMINA SPINAL FIXATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. Ser. No. 14/454,
793 filed on Aug. 8, 2014 which 1s a continuation of U.S.

Ser. No. 13/793,431 filed on Mar. 11, 2013 (now U.S. Pat.
No. 8,834,531), which 1s a continuation of U.S. Ser. No.
12/94°7,664 filed on Nov. 16, 2010 (now U.S. Pat. No.
8,414,624), which 1s a continuation of U.S. Ser. No. 12/033,
684 filed on Feb. 22, 2008 (now U.S. Pat. No. 7,857,8335),
the entire contents of each of which are incorporated by
reference herein.

FIELD OF US.

(L]

The present disclosure relates to spinal fixation proce-
dures, 1n particular to methods and systems of securely
positioning spinal fixation assemblies within vertebra(e).

BACKGROUND

Spinal fixation procedures are utilized to align and/or fix
desired relationships between adjacent vertebral bodies.
Such procedures typically include positioning a plurality of
spinal fixation assemblies within target vertebrae. These
assemblies usually include a threaded shank portion config-
ured to be disposed (e.g., threaded) within a vertebra and a
proximal recerving head configured to receive and secure
some type of spinal stabilization element (e.g., a rigid rod,
a cable, a biological construct, etc.). Once these assemblies
are disposed within the desired vertebrae, the spinal stabi-
lization rod can be positioned and secured within the receiv-
ing heads thereby allowing the rod to extend along a length
of the patient’s spinal column. Once secured as such, the
installed spinal stabilization rod can hold the vertebrae 1n the
desired spatial relationship, either until desired healing or
spinal fusion has taken place, or for some longer period of
time.

Due to the itricacies of working 1n the proximity of the
spinal column, such procedures can result 1n serious patient
mjury and/or in significant patient trauma. For example,
such procedures typically require the spinal fixation assem-
blies to be delivered directly (1.e., substantially perpendicu-
lar to the mudline of the patient’s spinal column) into a
lateral mass of a target vertebra. In light of this trajectory,
significant amounts of muscle and tissue must be stripped
from the treatment site due to the relatively large distance
between the lateral mass entry point and the midline of the
spinal column. Also, any slight miscalculation in the deliv-
ery trajectory can result in penetration of a distal portion of
the assembly (e.g., a pointed tip) into the spinal canal
thereby causing significant patient injury. As a further dis-
advantage, the limited bone mass and/or bone density typi-
cally found 1n the lateral mass portion of a vertebra signifi-
cantly limits the amount of area available for contacting the
fixation assembly thereby hindering the ability to eflectively
position the fixation assembly within the vertebra.

Thus, there remains a need for methods and systems
capable of securely positioning fixation assemblies within
target vertebrae while also minimizing the risk of injury and
associated patient trauma.

SUMMARY

Methods and systems for eflectively positioning spinal
fixation assemblies within target vertebrae while also reduc-
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2

ing any associated patient trauma (e.g., muscle stripping,
tissue damage, etc.) are provided herein. More specifically,
the presently disclosed embodiments utilize trans-lamina
delivery and positioning of fixation assemblies within target
vertebrae. As described below, trans-lamina delivery pro-
vides numerous advantages relative to traditional direct
delivery techmiques. For example, trans-lamina delivery
significantly increases the surface area of vertebral bone
available to contact the fixation assembly thereby allowing
for the use of larger (e.g., longer and/or wider) fixation
assemblies which can enable a stronger, more secure fixa-
tion. Additionally, trans-lamina delivery and positioning of
the fixation assembly within the vertebra allows each fixa-
tion assembly to enter the vertebra at a location significantly
closer to a midline of a patient’s spinal column as opposed
to traditional direct delivery techniques thereby resulting in
significantly less tissue and/or muscle damage. Also, the
trans-lamina trajectory reduces the risk of mnjury resulting
from penetration of the assembly into the spinal canal
because, 1n contrast to traditional direct delivery techniques
the assembly can be angled away from the patient’s spinal
column during delivery rather than being delivered along a
substantially perpendicular trajectory.

Various aspects of a method of providing spinal stabili-
zation are disclosed herein. In one such aspect, the method
includes positioning a first fixation assembly within a first
vertebra 1n a trans-lamina orientation and positioning a
second {ixation assembly within a second vertebra in a
trans-lamina orientation such that a proximal receiving head
of the first fixation assembly 1s aligned with a proximal
receiving head of the second fixation assembly. Next, the
method can include positioming a spinal stabilization ele-
ment within the proximal receiving heads of both the first
and second fixation assemblies and securing the stabilization
clement (e.g., rod) within each of the proximal receiving
heads.

The fixation assemblies can be positioned within any
number and/or type (e.g., cervical, thoracic, lumbar) of
vertebra as required by any given procedure. Also, the
method can include positioming the fixation assemblies in
various manners so as to optimize the orientation of the
stabilization element (e.g., stabilization rod) relative to the
patient’s spinal column. For example, 1n one such embodi-
ment, the proximal receiving heads of the various fixation
assemblies can be positioned along and over the midline of
a patient’s spinal column such that a single stabilization
clement can be coupled thereto which allows the stabiliza-
tion element to be positioned along and over the midline of
the patient’s spinal column. In other embodiments, the
proximal receiving heads of each of a first plurality of
fixation assemblies can be positioned along one side of the
midline of a patient’s spinal column, and the proximal
receiving heads of each of a second plurality of fixation
assemblies can be positioned on the opposite side of the
midline of the patient’s spinal column. In such an embodi-
ment, a {irst stabilization element can be coupled to the
receiving heads of each of the first plurality of fixation
assemblies, and a second stabilization element can be
coupled to the proximal receirving heads of each of the
second plurality of fixation assemblies thereby positioning
the stabilization elements on opposite sides of the midline of
the patient’s spinal column. Thus, such trans-lamina deliv-
ery and positioning of the fixation assemblies allow for
increased stability as well as versatility 1n positioning of the
stabilization element(s) relative to the patient’s spinal col-
umn.
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The method can also include various procedures for
turther optimizing the delivery and positioning of the fixa-
tion assemblies within the vertebrac. For example, the
method can include removing various portions of at least
one (or all) target vertebra prior to engagement of the
fixation assembly. Such truncation can be utilized to better
position the proximal end(s) of the fixation assembl(ies)
relative to a stabilization element and/or to facilitate engage-
ment of the fixation assembl(ies) to the vertebra(e) by
providing access to an optimal portion of the vertebral bone.
For example, the method can include removal or truncation
of the spinous process of the vertebra(e) thereby allowing
for positioning of the proximal end(s) of the assembl(ies)
along the midline of the patient’s spinal column.

The spinal fixation assembl(ies) can be configured in
various manners. In general, the assemblies can include any
type of assembly configured to securely engage a vertebra,
and also having a proximal portion configured to securely
receive a stabilization element. For example, the fixation
assembly can 1nclude a bone anchor element (e.g., a bone
screw ) having a proximal end which 1s coupled to a receirv-
ing head configured to receive and secure a stabilization
clement thereto. In an exemplary embodiment, the receiving
head 1s movably coupled to the bone anchor element. For
example, the receiving head can be capable of polyaxial
motion relative to the bone anchor. Additionally, the receiv-
ing head can be configured 1n virtually any manner capable
ol receiving and securing the stabilization element. In an
exemplary embodiment, the receiving head can include a
“U-shaped” opening configured to receive the stabilization
clement. In such an embodiment, the U-shaped opening of
the recerving head can include various internal threads (or
other engagement means) configured to receive any type of
closure mechanism (e.g., a set screw) having a correspond-
ing set of threads thereby securing the stabilization element
to the assembly.

In another aspect, a method of providing spinal stabili-
zation 1s provided which includes positioning a plurality of
fixation assemblies within a plurality of vertebrae wherein
the fixation assemblies are positioned within the vertebrae in
a trans-lamina orientation. In an exemplary embodiment,
cach fixation assembly can include a threaded shank with a
proximal end polyaxially coupled to a receiving head. Next,
the method can include securing a first stabilization element
within the receiving head of a first fixation assembly and
also within a receiving head of a second fixation assembly
thereby positioning the stabilization element adjacent a
midline of a patient’s spinal column. Optionally, the method
can also include securing a second stabilization element
within a recerving head of a third fixation assembly and also
within a recerving head of a fourth fixation assembly thereby
positioning the second stabilization element adjacent a mid-
line of a patient’s spinal column and on an opposite side of
the midline as compared to the first stabilization element.

Various aspects of a system of providing spinal stabiliza-
tion are also disclosed herein. In one such aspect, the system
includes a plurality of fixation assemblies secured to a
plurality of vertebrae 1n a trans-lamina orientation wherein
cach fixation assembly includes a bone anchor eclement
movably coupled to a receiving head. The system further
includes a stabilization element (e.g., a rod, cable, etc.)
capable of being secured within a plurality of such receiving
heads such that the stabilization element can be positioned
in a substantially parallel orientation relative to a midline of
a patient’s spine. Like above, the stabilization element(s)
can be positioned at various locations relative to the
patient’s spinal column. For example, the system can
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include a stabilization element positioned along and above
the midline of the patient’s spine. In other embodiments, the
system can include a stabilization element(s) positioned
adjacent the midline of the patient’s spine. For example, the
system can include first and second spinal stabilization
clements positioned on opposite sides of the midline of a
patient’s spinal column.

These and other aspects of the presently disclosed meth-
ods and systems are detailed below.

BRIEF DESCRIPTION OF THE DRAWINGS

The presently disclosed embodiments will be more fully
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

FIG. 1A 1s a perspective view ol a prior art procedure
wherein a fixation assembly 1s delivered directly imto a
lateral mass of a target vertebra;

FIG. 1B 1s another view of the direct delivery technique
illustrated 1n FIG. 1A;

FIG. 2 1s a representation showing a fixation assembly
positioned within a target vertebra 1in a trans-lamina orien-
tation;

FIG. 3A 1s a view of an embodiment wherein a plurality
of fixation assemblies are positioned within vertebrae 1n a
trans-lamina orientation;

FIG. 3B 1s a view ol another embodiment wherein a
plurality of fixation assemblies are positioned within verte-
brae 1n a trans-lamina orientation;

FIG. 4A 15 a perspective view ol an embodiment wherein
a spinal stabilization element 1s positioned along and above
a midline of a patient’s spinal column;

FI1G. 4B 1s a side view of the embodiment of FIG. 4A; and

FIG. 5 1s a view of an embodiment wherein portions of a
vertebra have been truncated prior to trans-lamina delivery
and positioning of the fixation assembly.

DETAILED DESCRIPTION

Certain exemplary embodiments will now be described to
provide an overall understanding of the principles of the
structure, function, manufacture, and use of the system and
method disclosed herein. One or more examples of these
embodiments are illustrated 1n the accompanying drawings.
Those skilled in the art will understand that the system and
method described herein and 1llustrated in the accompanying
drawings are non-limiting exemplary embodiments and that
the scope of the present disclosure 1s defined solely by the
claims. The features illustrated or described in connection
with one exemplary embodiment may be combined with the
features of other embodiments. Such modifications and
variations are intended to be included within the scope of the
present disclosure.

Methods and systems for spinal stabilization utilizing
trans-lamina delivery and positioning of fixation assemblies
within target vertebrae are provided herein. In contrast to
traditional direct delivery of fixation assemblies into the
lateral mass, trans-lamina delivery increases the amount of
vertebral bone available to receive the fixation assembly
thereby providing for a stronger fixation and improved
therapeutic results. Also, the larger amount of vertebral bone
available enables the use of larger (e.g., longer and/or wider)
fixation assemblies which also facilitates a stronger fixation.
Trans-lamina delivery and positioning of the fixation assem-
blies also significantly reduces the amount of tissue and/or
muscle damage resulting from the procedure because the
fixation assembly can enter the target vertebra at a location




US 9,987,045 B2

S

closer to the midline of a patient’s spinal column as com-
pared to traditional direct delivery procedures. As a further
advantage, the delivery trajectory made available by such
trans-lamina delivery and positioning reduces the potential
for inadvertent damage to the spine and/or surrounding areas
because the assemblies can be angled away from the
patient’s spinal canal during delivery.

FIGS. 1A and 1B illustrate a traditional spinal fixation
technique wherein a fixation assembly 10 1s directly deliv-
ered to and positioned within the lateral mass (L.M.) of a
target vertebra V,. As shown, direct delivery of the fixation
assembly 10 to the lateral mass (L.M.) significantly limaits
the usable entry points (E) for the fixation assembly 10
because the user must ensure against penetration of the
fixation assembly 10 into the spinal canal (S5.C.) and/or
surrounding nerves. As shown, any slight miscalculation 1n
delivery trajectory can result in unwanted introduction of the
distal end 10, of the assembly 10 into the spinal canal
(S.C.). Additionally, the traditional approach typically
results 1n significant tissue damage because the fixation
assembly 10 must be delivered to the vertebra V, at an entry
point (E) which 1s a relatively large distance (D, ) away from
the midline (M.L.) of the patient’s spinal column. Thus, to
provide access to the entry point (E), the procedure requires
significant amounts of muscle and/or tissue stripping. As a
turther drawback, 1n light of the relatively small amount of
vertebral bone present in the lateral mass (L.M.), the pro-
cedure 1s typically limited to fixation assemblies having a
relatively short length (L,) thereby hindering the ability to
provide a strong fixation between assembly 10 and the target
vertebra V.

In contrast, FIG. 2 shows an exemplary embodiment of
the presently disclosed method wherein a spinal fixation
assembly 10 1s delivered and positioned within a target
vertebra V, 1n a trans-lamina orientation. That 1s, the fixation
assembly 10 1s delivered across a lamina portion of the
vertebra V, and into the lateral mass (L.M.). As will be
described, such a trajectory can allow at least a portion of the
fixation assembly 10 to be positioned above the midline
(M.L.) of the patient’s spinal column (S.C.). For example, 1n
those procedures which require positioning a stabilization
rod offset from the midline (M.L.) of the spinal column (as
shown 1n FIGS. 2 and 3A), the fixation assembly can be
delivered and positioned within the vertebra V, in a trans-
lamina orientation such that a threaded shank 12 of the
fixation assembly 10 crosses over the midline (M.L.) of the
spinal column (S.C.). Similarly, 1n those procedures requir-
ing the placement of a stabilization rod along and above the
midline (as shown 1n FIGS. 4A-4B), trans-lamina delivery
can allow for a proximal receiving head of the fixation
assembly 10 to be positioned substantially over the midline
(as shown in FIG. §).

The presently disclosed trans-lamina fixation procedures
provide numerous benefits over the above-described direct
delivery approach. For mstance, such trans-lamina delivery
and positioning allows for a stronger fixation between the
fixation assembly 10 and corresponding vertebral bone V,
because a larger surface area and/or denser bone mass can be
utilized to receive and engage the fixation assembly 10. In
light of the enlarged surface area, the fixation assembly 10
can 1nclude a larger (e.g., longer and/or wider) bone anchor
clement 12 which also contributes to a stronger fixation.
Additionally, trans-lamina delivery and positioning signifi-
cantly reduces the risk of injury because the distal end of the
fixation assembly 10,, can be angled away from the spinal
canal (S.C.) during delivery as opposed to the prior art
trajectory which 1s substantially perpendicular to the the

10

15

20

25

30

35

40

45

50

55

60

65

6

spinal column (S.C.). Additionally, 1n utilizing trans-lamina
delivery and positioning, the assembly 10 can enter the
vertebraec V, at a trans-lamina entry point (E') which 1s a
substantially shorter distance (D,) from the midline (M.L.)
of the spinal column as compared to the distance (D,, shown
in FIG. 1A) required when utilizing the traditional direct
delivery approach. Thus, the presently disclosed trans-
lamina delivery and positioning of fixation assemblies 10
within vertebrae V, significantly reduces any associated
tissue and/or muscle damage as compared to the traditional
approach.

As will be appreciated by those skilled in the art, the
fixation assembly 10 can be virtually any type of assembly
having a distal portion 12 configured to engage vertebral
bone V, and having a proximal portion 14 configured to
securely receive some type of spinal stabilization element
(e.g., a stabilization rod). For example, referring again to
FIG. 2, the fixation assembly 10 can include a bone anchor
clement 12 configured to securely engage vertebral bone V.
As will be appreciated by those skilled in the art, the bone
anchor element 12 can be any type of element configured to
engage vertebral bone. In an exemplary embodiment, the
bone anchor element 12 1s a bone screw 12 having a thread
extending along a portion of the screw 12 thereby allowing
the element 12 to be effectively delivered to and securely
positioned within the vertebra V,. While the bone anchor
clement 12 can include a wide range of sizes and/or shapes,
as indicated above, an advantage of trans-lamina delivery 1s
the ability to utilize larger elements 12 as compared to the
traditional approach. For example, FIG. 2 shows an embodi-
ment of a bone anchor element 12 having a length (L)
substantially longer than the length (L, ) of the bone screw
utilized in the traditional technique depicted 1in FIG. 1B.

Again referring to FIG. 2, the proximal portion 14 of the
fixation assembly 10 can be configured in various manners
to securely engage a spinal stabilization element (e.g., a
stabilization rod). For example, the fixation assembly 10 can
include a recerving head 14 coupled to a proximal end of the
bone anchor element 12 .. Such a receiving head 14 can be
configured to securely receive the spinal stabilization ele-
ment 1 various manners. For example, 1n an exemplary
embodiment, the receiving head 14 can include a “U”-
shaped opening 16 configured to receive the stabilization
clement. In other embodiments, the opening 16 can include
various other shapes capable of receiving the stabilization
clement. The receiving head 14 can also be configured 1n
various manners so as to secure the stabilization element
therein. For example, the receiving head 14 can include
various 1nternal threads (not shown) capable of receiving a
closure mechanism 13 (see FIG. 3A) thereby securing the
stabilization element within the head 14. Those skilled 1n the
art will appreciate that the receiving head 14 can be con-
figured 1n various manners so as to retain the stabilization
clement therein.

The fixation assembly 10 can also be configured to allow
for movement of the receiving head 14 relative to the bone
anchor element 12. While the receiving head 14 can be
coupled to the bone anchor element 12 in any number of
manners to provide any desired movement and/or range of
motion, 1n an exemplary embodiment, the head 14 1s capable
ol polyaxial movement relative to the element 12. Those
skilled 1n the art will appreciate that the recerving head 14
and/or the proximal end 12, of the bone anchor element 12
can be configured and/or coupled 1n various such manners so
as to provide such polyaxial motion. In other embodiments,
the fixation assembly 10 can be configured so as to allow the
receiving head 14 to be rotated relative to the bone-engaging
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clement 12 thereby allowing for the openings 16 of the
various receiving heads 14 to be aligned relative to one
another prior to delivery of the stabilization element.

As shown i FIGS. 3A-4B, following trans-lamina posi-
tioming of the various fixation assemblies 10, one or more
stabilization elements (e.g., stabilization rods) can be
secured thereto to provide the desired therapeutic eflect. As
will be apparent to those skilled in the art, the stabilization
clement 20 can be a rod, a cable, a biological construct, etc.
Further, the stabilization element 20 can have a wide range
of dimensions (e.g., length and/or diameter) and/or shapes
(¢.g., straight, contoured, etc.) which are selected 1n accor-
dance with the patient’s anatomy and/or the requirements of
the surgical procedure. As also shown, the method can
include positioning first and second stabilization elements
on opposite sides of the midline (M.L.) of the patient’s
spinal column (as shown 1n FIGS. 3A-3B) or the method can
include positioning a single stabilization element along and
above the midline (M.L.) of a patient’s spinal column (as
shown i FIGS. 4A-4B). These procedures are now dis-
cussed 1n greater detail.

FIGS. 3A and 3B show an exemplary embodiment which
includes a plurality of fixation assemblies 10', 10", 10™, 11",
11", 11" being delivered and positioned within target ver-
tebrae 1n a trans-lamina orientation. Those skilled 1n the art
will appreciate that these assemblies 10', 10", 10™, 11', 11",
11" can be delivered to any pattern of vertebrae V,, V,, V_
(e.g., every vertebrae, every other vertebrae, every fourth
vertebrae, etc). For example, referring to FIG. 3A, the
method can include engaging a first plurality of fixation
assemblies 10", 10", 10" to a plurality of vertebraec V,, V.,
V. 1 a trans-lamina orientation such that the proximal
portions of these assemblies 10, 10", 10" are disposed
adjacent a midline (M.L.) of the patient’s spinal column. The
method can further include delivering a second plurality of
fixation assemblies 11', 11", 11" to a plurality of vertebrae
V,, V,, V. 1n a trans-lamina orientation such that the
proximal portions of these fixation assemblies 11', 11", 11'
are disposed adjacent the mudline (M.L.) of the patient’s
spinal column and also on the opposite side of the midline
(M.L.) as compared to first plurality of fixation assemblies
10', 10", 10™. Once positioned as such, a first stabilization
clement 20 can be positioned and secured within the proxi-
mal ends of the first plurality of fixation assemblies 10', 10",
10", and a second stabilization element 20' can be posi-
tioned and secured within the proximal ends of the second
plurality of fixation assemblies 11', 11", 11'™'. Thus, as shown
in FIG. 3A, the embodiment provides first and second
stabilization elements 20, 20" positioned on opposite sides of
the midline (M.L.) of the patient’s spine wherein the stabi-
lization elements 20, 20" are substantially parallel to the
midline (M.L.) of the spine. In other embodiments, the
method can mnclude positioming only one plurality of fixation
assemblies 10', 10", 10" along a single side of the midline
(M.L.) of the patient’s spine.

As 1ndicated above, the presently disclosed method
allows for delivery and positioning ol any number of fixa-
tion assemblies 10 to any number and/or pattern of vertebrae
V.. For example, as shown 1in FIG. 3A, the first plurality of
fixation assemblies 10', 10", 10™ can be positioned 1 a
trans-lamina orientation within every other vertebra V,, V.,
V.. Additionally, the second plurality of fixation assemblies
11', 11", 11™ can also be positioned within every other
vertebra V,, V,, V. and staggered with respect to the first
plurality of fixation assemblies such that each of the six
fixation assemblies 10, 10", 10", 11', 11", 11'" are posi-

tioned within a distinct vertebra V,-V.. In other embodi-
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ments, the method can include any number of fixation
assemblies (e.g., 2, 3, 4, 35, 6, etc.) configured to receive and
secure a stabilization element 20 of any desired length.
Additionally, as shown 1n FIG. 3B, the method can include
delivering at least one fixation assembly of the first plurality
of fixation assemblies 10' and at least one fixation assembly
of the second plurality of fixation assemblies 11' to the same
vertebra V, along trans-lamina trajectories. Additionally, the
fixation assemblies of the first and/or second plurality of
fixation assemblies 10', 10", 10", 11', 11", 11™ can be
secured to sequential vertebra, every other vertebra, every
fourth vertebra, or any other pattern required and/or pre-
ferred for a given procedure. Such versatility allows the
surgeon to select optimal vertebral locations for delivery and
positioning of the fixation assemblies and stabilization ele-
ments.

In other exemplary embodiments, the method can include
the use of a single stabilization element 20 positioned along
and above the midline (M.L.) of a patient’s spine. FIGS. 4A
and 4B provide an example of such an embodiment wherein
a plurality (e.g., four) of fixation assemblies 10, 10', 10", 10'"
are delivered 1n a trans-lamina orientation relative to suc-
cessive vertebra V,, V,, V., V, such that the proximal
portions of each assembly 10, 10', 10", 10" are substantially
aligned along and above the midline (M.L.) of the patient’s
spine. Like above, the fixation assemblies 10, 10', 10", 10™
can be delivered to the vertebrae i various patterns and/or
configurations so as to position the proximal portions of the
assemblies 1n the desired location. For example, as shown 1n
FIGS. 4A and 4B, the fixation assemblies 10, 10', 10", 10"
can be delivered such that each bone anchor 1s angled in a
direction opposite of its adjacent bone anchor along succes-
stve vertebrae V,, V,, V., V.. In other embodiments, similar
to what 1s described above, the fixation assemblies 10, 10',
10", 10™ can be delivered to every other vertebra, every
fourth vertebra, etc. Also, any number of fixation assemblies
10, 10', 10", etc. can be utilized depending on the patient’s
anatomy and/or requirements of the procedure. For example,
the method can utilize 2, 3, 4, 5, or more fixation assemblies
10. In short, the method can include any number of fixation
assemblies positioned within any number and/or pattern of
target vertebrae 1n a trans-lamina orientation so as to
securely position at least one stabilization element in a
desired location.

Various embodiments of the method can also include
moditying and/or truncating various portions of the target
vertebrae V, so as to further optimize the procedure. More
specifically, removing various portions of the target vertebra
(e) V, can provide access to an optimal entry point of the
vertebral bone and can facilitate positioning of the proximal
end of the fixation assemblies 10 at desired locations. For
example, FIGS. 4A, 4B and 5 provide an exemplary embodi-
ment wherein portions of various vertebrae (V,-V, in FIGS.
4A-4B and V, 1n FIG. 5) have been removed or truncated
thereby allowing the proximal portion of each fixation
assembly 10 to be positioned above and along the midline
(M.L.) of the patient’s spine. Additionally, removing these
portions of the target vertebrae V, can provide an easier
target for delivery of the fixation assemblies 10 because the
truncated vertebrae V, can be substantially planar and there-
fore easier to engage the assemblies 10 thereto. As will be
apparent to those skilled in the art, the method can include
removing any portion of the vertebra(e) V, as required by a
given procedure. As shown 1n the exemplary embodiments
of FIGS. 4A, 4B, and 5, the method can also include
removing (or truncating) the spinous process of all (or at
least one) vertebrae V.
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Various embodiments of a system of providing spinal
stabilization are also disclosed herein. In an exemplary
embodiment, the system can include a plurality of fixation
assemblies 10, 10', 10", etc. engaged to a plurality of
vertebrae V,, V,, V,, etc. in a trans-lamina orientation
wherein each fixation assembly 10 includes a bone anchor
clement (e.g., a bone screw) 12 coupled to a movable
receiving head 14. The system can further include a stabi-
lization element (e.g., a rod, cable, etc.) 20 secured within a
plurality of such movable heads 14 such that the stabiliza-
tion element 20 maintains a substantially parallel orientation
relative to a midline (M.L.) of a patient’s spine. Like above,
the stabilization element(s) 10 can be positioned at various
locations relative to the patient’s spinal column (S.C.). For
example, the system can include a stabilization element 20
positioned along and above the midline (M.L.) of the
patient’s spine. In other embodiments, the system can
include a stabilization element(s) 20 positioned adjacent the
midline (M.L.) of the patient’s spine. For example, the
system can include first and second spinal stabilization
clements 20, 20' positioned on opposite sides of the midline
(M.L.) of a patient’s spinal column.

One skilled in the art will appreciate turther features and
advantages of the presently disclosed method and system
based on the above-described embodiments. Accordingly,
the present disclosure 1s not to be limited by what has been
particularly shown and described, except as indicated by the
appended claims. All publications and references cited
herein are expressly incorporated herein by reference 1n their
entirety.

What 1s claimed 1s:

1. A method of providing spinal stabilization, comprising:

positioning a first plurality of fixation assemblies within

every other of a plurality of vertebrae in an orientation
angled away from a spinal canal of a patient such that
a receiving head of each fixation assembly 1s positioned
along and above a midline of the patient’s spinal
column;

positioning a second plurality of fixation assemblies

within those of the plurality of vertebrae in which the
first plurality of fixation assemblies are not disposed.,
the second plurality of fixation assemblies being posi-
tioned 1n an orientation angled away from the spinal
canal of the patient such that a receiving head of each
fixation assembly 1s positioned along and above the
midline of the patient’s spinal column; and
positioning a spinal stabilization element within the

receiving heads of the first and second plurality of
fixation assemblies.
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2. The method of claim 1, further comprising removing a
portion of each vertebra of the plurality of vertebrae.

3. The method of claim 1, wherein the spinal stabilization
clement 1s a stabilization rod.

4. The method of claim 1, wherein at least one of the
plurality of vertebrae 1s a cervical vertebra.

5. The method of claim 1, wherein the spinal stabilization
clement extends along at least four vertebrae.

6. The method of claim 1, wherein the first plurality of
fixation assemblies are positioned 1n a first direction and the
second plurality of fixation assemblies are positioned in a
second direction that 1s opposite to the first direction.

7. The method of claim 1, wherein a single axis parallel
to the midline of the patient’s spinal column extends through
the receiving heads of the first plurality of fixation assem-
blies and the second plurality of fixation assemblies.

8. The method of claim 1, wherein a single axis parallel
to the midline of the patient’s spinal column extends through
proximal portions of bone anchors of the first plurality of
fixation assemblies and the second plurality of fixation
assemblies that are positioned in the plurality of vertebrae.

9. The method of claim 1, wherein positioning the first
plurality of fixation assemblies 1ncludes threading a bone
anchor 1nto every other of the plurality of vertebrae such that
a distal end of each bone anchor 1s disposed laterally farther
away Irom the midline of the patient’s spinal column than a
proximal end of the bone anchor.

10. The method of claiam 9, wherein positioning the
second plurality of fixation assemblies 1ncludes threading a
bone anchor 1nto those of the plurality of vertebrae 1n which
the first plurality of fixation assemblies are not disposed
such that a distal end of each bone anchor 1s disposed
laterally farther away from the midline of the patient’s spinal
column than a proximal end of the bone anchor.

11. The method of claim 1, wherein the receiving head of
cach of the first and second plurality of fixation assemblies
surrounds a proximal end of a distally-extending bone
anchor that 1s positioned within one of the plurality of
vertebrae.

12. The method of claim 1, wherein positioning a spinal
stabilization element within the receirving heads of the first
and second fixation assemblies includes polyaxially moving
the receiving heads about a proximal end of a distally-
extending bone anchor that 1s positioned within one of the
plurality of vertebrae.
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